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Synthesis and Structural Characterization of Monomeric Selenolato Complexes of Zinc,
Cadmium, and Mercury

Introduction

Intramolecular coordination in organoselenium chemistry has
attracted considerable current attentlorRecent studies on
intramolecularly stabilized organoselenium compounds show
that the Se-N intramolecular interactions play an important
role not only in the catalytic antioxidant activity of these
compoundsbut also in their application as reagents in synthetic
organic chemistry. The application of intramolecular coordina-
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The synthesis and characterization of homoleptic zinc(ll), cadmium(ll), and mercury(ll) selenolates incorporating
the intramolecularly chelating oxazoline ligand are described. The derivatives, M[Sg[ldx Zn (1), Cd @),

Hg (3); Ox = 2-(4,4-dimethyl-2-oxazolinyl)benzene], were prepared in good yield via the metathesis reactions of
MCI, with a lithium areneselenolate, Ox38*. The mercury comple8 was also synthesized by treating the
corresponding diselenide with elemental mercury. The complexes are quite stable and highly soluble in common
nonpolar organic solvents. X-ray diffraction results show that the complexes are monomeric in the solid state.
The geometry around the metal ion in all complexes is found to be distorted tetrahedral. The crystal structure of
Zn[Se(Ox)} (1) shows that the complex is “helically” chiral and enantiomerically pure. The spontaneous splitting
of the racemates indicates the solubility differences between the racemates and pure enantléniées.and

7Se NMR measurements indicate that comglegtains its “helical” structure in solution. Crystal data (MoK

293(2) K) are as follows:1, monoclinic space group2;, a = 9.3900(12) Ab = 11.618(2) A,c = 10.8822(14)

A, p=98.245(8}, Z = 2; 2, orthorhombic space groupbca a= 12.777(6) Ao = 17.841(10) Ac = 21.010-

(8) A, = 8; 3, monoclinic space group2,/c, a = 9.087(2) A,b = 11.889(2) Ac = 22.456(4) A 3 = 98.780-

(13y, Z = 4.

tion has been extended to the synthesis of novel organoselenium
ligands* More recently, the intramolecular coordination has
been used for the isolation of monomeric metal selenofétes,

in particular, the isolation of group 12 metal (Zn, Cd, Hg)
selenolates which are generally polymeric through bridging by
the chalcogenolate ligands. Brennan and co-workers have
isolated a range of metal selenolates using the pyridineselenolate
ligand where the two heteroatom donors create a variety of
potential bonding modés Although the Cd and Hg selenolates

(1) (a) Barton, D. H. R.; Hall, M. B.; Lin, Z.; Parekh, S. I.; Reibenspies, Were polymeric, the compounds were volatile and sublimed

J.J. Am. Chem. S0d.993 115 5056. (b) Barton, D. H. R.; Hall, M.

B.; Lin, Z.; Parekh, S. 1J. Am. Chem. S04993 115 955. (c) Barton, (3) (@) Nishibayashi, Y.; Singh, J. D.; Uemura, S.; Fukuzawa, S.
D. H. R.; Parekh, S. . Am. Chem. So&993 115 948. (d) Gornitaka, Tetrahedron Lett1994 35, 3115. (b) Nishibayashi, Y.; Singh, J. D.;
H.; Besser, S.; Herbst-Irmer, R.; Kilimann, U.; Edelmann, JF. Uemura, S.; Fukuzawa, 8. Org. Chem1995 60, 114. (c) lwaoka,
Organomet. Cheml992 437, 299. (e) lwaoka, M.; Tomoda, S. M.; Tomoda, SJ. Chem. Soc., Chem. Comm@i892 1165. (d) Wirth,
Am. Chem. Sod 996 118 8077. (f) lwaoka, M.; Tomoda, S. Org. T. J. Org. Chem1996 61, 2686. (e) Wirth, TTetrahedron Lett1995
Chem 1995 60, 5299. (g) lwaoka, M.; Tomoda, 8hosphorus, Sulfur 36, 7849.
Silicon Relat. Elem1992 67, 125. (h) Kaur, R.; Singh, H. B.; Patel, (4) (a) Kienitz, C. O.; Thone, C.; Jones, P. [@org. Chem 1996 35,
R. P.J. Chem. Soc., Dalton Tran4996 2718. (i) Mbogo, S. A.; 3990. (b) Jones, P. G.; Laube, J.; Thone]r@rg. Chem 1997, 36,
McWhinnie, W. R.; Lobana, T. S.; Tiekink, E. R. T. Organomet. 2097. (c) Nishibayashi, Y.; Segawa, K.; Singh, J. D.; Fukuzawa, S.;
Chem 199Q 388, 273. (j) Roesky, H. W.; Weber, K.-L.; Seseke, U.; Ohe, K.; Uemura, SOrganometallics1996 15, 370. (d) Nishibayashi,
Pinkert, W.; Noltemeyer, M.; Clegg, W.; Sheldrick, G. Ml.Chem. Y.; Singh, J. D.; Segawa, K.; Fukuzawa, S.; UemuraJ.SChem.
Soc., Dalton. Trans1985 565. (k) Atkinson, A.; Brewster, A. G.; Soc., Chem. Commuf994 1375.
Ley, S. V.; Osborn, R. S.; Rogers, D.; Williams, D.JJ.Chem. Soc., (5) (a) Khasnis, D. V.; Buretea, M.; Emge, T. J.; Brennan, JJ.&hem.
Chem. Commurl977, 325. Soc., Dalton Trans1995 45. (b) Bonasia, P. J.; Arnold, J.

(2) (a) lwaoka, M.; Tomoda, Sl. Am. Chem. S0d.994 116, 2557. (b) Organomet. Cheml993 449 147.
Wilson, S. R.; Zucker, P. A.; Huang, R.-R. C.; Spector,JAAmM. (6) (a) Cheng, Y.; Emge, T. J.; Brennan, J. I8org. Chem 1994 33,
Chem. Soc1989 111, 5936. (c) Spector, A.; Wilson, S. R.; Zucker, 3711. (b) Cheng, Y.; Emge, T. J.; Brennan, JIiGarg. Chem 1996
P. A. U.S. Patent 5, 321, 138 (Cl. 546.224; Co7C37/02), 189&m. 35, 3342. (c) Cheng, Y.; Emge, T. J.; Brennan, J.IGrg. Chem
Abstr. 1994 121, P256039r. 1996 35, 7339.
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without decomposition at relatively low temperatures and
decomposed at higher temperature to give the desiredSe.

Mugesh et al.

where the “helical” chirality is observed in a four-coordinate
zinc selenolate complex. The room-temperature NIR 1°C,

In continuation of our work on intramolecularly coordinated 7’Se) spectra of the Cd (1) and Hg(ll) analogueslddre not
organochalcogensh 7 we recently isolated and structurally indicative of “helicity”, but the Cd(Il) complex shows chirality
characterized several stable chiral and achiral organoselenenyht low temperatures.
halides, RSeX (%= Cl, Br, I), using 4,4-dimethyl-2-phenylox-
azoline and 4-ethyl-2-phenyloxazoline in which the--9¢
intramolecular interactions are very strohgRecently, we General Procedures All reactions were carried out under nitrogen
reported the preparation of some stable monomeric mercury or argon using standard vacuum-line techniques. Solvents were purified
selenolates using ortho-chelatiNgN-dimethylaminoaryl ligand$. by standard procedurésand were freshly distilled prior to use.
However, the monomeric zinc and cadmium selenolates could Mercury and ZnGl were purified prior to usé Commercially
not be isolated. We have now succeeded in preparing theavailable _Cd(‘éa_md HgC} were used as received. Melting points were
isolable, well-characterized examples of zinc, cadmium, and recorded in capillary tubes and are uncorrectéd, C, and”’Se NMR
mercury selenolato complexes by using a more rigid 4,4- spectra were obtained at 300, 75.42, and 57.22 MHz, respectively, in

dimethvl-2-ph | i bstrate. Our int ti leni CDCl; on a Varian VXR 300S spectrometer. Chemical shifts are cited
Imethyl-2-phenyloxazolin€ substrate. Lur Interest in selenium ., respect to SiMgas internal YH and 3C) and MeSe (’Se) as

derivatives of phenyloxazoline stems from the following major  gyternal standard. Elemental analyses were performed on a Carlo-
attractive characteristics of the oxazoline skeleton. They can grpa model 1106 elemental analyzer. Fast atom bombardment (FAB)
effect efficient chirality transfer from the heterocycle to newly mass spectra were recorded at room temperature on a JEOL SX 102
formed bonds, thereby generating new chiral centers with high DA-6000 mass spectrometer/data system using xenon (6 kV, 10 mV)
asymmetric inductiod? Oxazolines have also been found in as the bombarding gas. The acceleration voltage was 10 kV, and
many naturally occurring siderophore chelating agents, like m-nitrobenzyl alcohol was used as the matrix with positive-ion

Experimental Section

mycobactine, parabactine, and vibriobacftheln these cases,

they show extremely strong coordination to the metal centers,

illustrating the high chelating ability of this moiety.

In this paper, we also describe the use of the phenyloxazoline

ligand to prepare a novel “helically” chiral zinc selenolatg (

detection. In case of isotopic patterns, the value given is for the most
intense peak.

Synthesis of Zn[Se(Ox)] (1). To a solution of 4,4-dimethyl-2-
phenyloxazoline (1.75 mL, 1.79 g, 10 mmol) in dry hexane (50 mL)
was added a 1.6 M solution ofBuLi in hexane (6.8 mL, 11 mmol).
After 1 h of stirring at room temperature, a white precipitate of the

and its spontaneous resolution. Although many double- and jithiated compound (OxLi) was obtained. The supernatant solvent was

triple-helical metal complexes have been reportéthe simpler
“monohelical” metal complexes have received much less
attention. The structurally characterized “monohelical” com-
plexes include, those of ten-coordinate europium(Hiseven-
coordinate cobalt(Il)15 and five-coordinate silver(B® Struc-
turally characterized “monohelical” complexes of zinc are very
rarel’ and this is the first example, to the best of our knowledge,

(7) (a) Singh, H. B.; Sudha, NCoord. Chem. Re 1994 135-136, 469.
(b) Regini, V.; Kaur, R.; Sudha, N.; Menon, S. C.; Singh, HPBoc.
Indian Acad. Sci. (Chem. Sgpil995 107, 431. (c) Kaur, R.; Singh,
H. B.; Butcher, R. JOrganometallics1995 14, 4755. (d) Menon, S.
C.; Singh, H. B.; Jasinski, J. M.; Jasinski, J. P.; Butcher, R. J.
Organometallicsl996 15, 1707. (e) Kaur, R.; Menon, S. C.; Singh,
H. B. Proc. Indian Acad. Sci., Chem. S&B96 108, 159. (f) Menon,
S. C.; Singh, H. B.; Patel, R. P.; Das, K.; Butcher, ROdganome-
tallics 1997, 18, 563.

(8) Mugesh, G.; Singh, H. B.; Butcher, R. J. Unpublished results.

(9) Kaur, R.; Singh, H. B.; Patel, R. P.; Kulshreshtha, S.JKChem.
Soc., Dalton Trans1996 461.

(10) (a) Pfaltz, A. InModern Synthetic MethodsSheffold, R., Ed.;
Springer-Verlag: Berlin, 1989; Vol. 5, p 198. (b) Brunner, H.;
Obermann, UChem. Ber1989 122 499. (c) Brunner, H.; Obermann,
U.; Winner, P.Organometallics198Q 102 7715.

(11) (a) Black, D. St. C.; Wade, M. Aust. J. Chem1972 25, 1792. (b)
Mycobactin: Maurer, P. J.; Miller, M. 1. Am. Chem. Sod 983
105 240. (c) Parabactin: Nagao, Y.; Miyasaka, T.; Hagiwara, Y.;
Fujita, E.J. Chem. Soc., Perkin Trank 1984 183. (d) Vibriobactin:
Bergeron, R. J.; Garlich, J. R.; McManis, J.T&trahedronl985 41,
507.

(12) Eng-Wilmot, D. L.; van der Helm, DI. Am. Chem. S0d98Q 102,
7719.

(13) (a) Constable, E. C.; Edwards, A. J.; Raithby P. R.; Walker, J. V.
Angew. Chem., Int. Ed. Engl993 32, 1465. (b) Constable E. C;
Ward, M. D.J. Am. Chem. Sod99Q 112, 1256. (c) Williams, A. F.;
Piguet C.; Bernardinelli, GAngew. Chem., Int. Ed. Engl991, 30,
1490. (d) Piguet, C.; Bernardinelli, G.; Bocquet, B.; Quattropani, A.;
Williams, A. F.J. Am. Chem. Sod992 114, 7440. (e) Chotalia, R.;
Constable, E. C.; Neuburger, M.; Smith, D. R.; ZehnderJMChem.
Soc., Dalton Trans1996 4207.

(14) Constable, E. C.; Chotalia, R.; Tocher, D.JAChem. Soc., Chem.
Communl1992 771.

(15) Constable, E. C.; Walker, J. V.; Tocher, D. A.; Daniels, M. A.M.
Chem. Soc., Chem. Commu992 768.

(16) Constable, E. C.; Drew, M. G. B.; Forsyth, G.; Ward, MJDChem.
Soc., Chem. Commuth988 1450.

removed with a syringe. The white precipitate was dissolved in dry
ether, the solution was cooled t6¢G, and selenium powder (0.8 g, 10
mmol) was added. Afte2 h of stirring at this temperature, anhydrous
ZnCl, (0.68 g, 5 mmol) was added, and stirring was continued for an
additiond 1 h at 0°C and 18 h at room temperature. The resulting
solution was filtered through Celite, and the solvent was evaporated to
give a yellow compound. The compound was recrystallized from a
chloroform—hexane (1:1) mixture to givk. The spontaneous resolu-
tion of the racemate was observed during the crystallization process.
The crude yellow compound (1.43 g) was dissolved in chloroform (20
mL), and hexane (20 mL) was added. Slow evaporation of the sol-
vent at room temperature afforded the crystals of the two enantio-
morphs. Yield: 1.29 g (45%). Mp: 221223°C. Anal. Calcd for
C2:H24N20,Sezn: C, 46.16; H, 4.23; N, 4.90. Found: C, 46.85; H,
4.88; N, 4.88. 'H NMR (300 MHz, CDC}; ¢, ppm): 1.10 (s, 6H,
—CHg), 1.58 (s, 6H—CHs), 4.00-4.20 (dd, 4H—CH,—), 7.05-7.14
(m, 4H, Ar H), 7.677.70 (m, 2H, Ar H) 7.99-8.02 (m, 2H, Ar H).
7Se NMR (CDC¥; o, ppm): 14.65 (s), 31.19 (s)**C NMR (CDCE;
o, ppm): 26.93, 28.66, 66.98, 69.04, 77.52, 78.68, 113.86, 123.60,
125.99, 130.60, 131.27, 132.18, 133.05, 139.07, 141.33, 168.08, 168.57.
MS: m/z890 (Q3H36N303S%Zn2), 826 (Q3H36N303S%Zn), 572 (M‘r,
szHz;;NzOzSQZﬂ), 509 (Q2H24N2028Q), 429 (Q2H24N2028e), 318
(CllngNOSeZn), 254 (100%, Q"lzNOSG). EI]ZSD = —4.079 (3 095,
CHCly).

Synthesis of Cd[Se(Ox) (2). Compound2 was prepared by
following the method described fdrusing 1.79 g (1.75 mL, 10 mmol)
of 4,4-dimethyl-2-phenyloxazoline, 6.8 mL (11 mmol) of 1.6 M solution
of n-BuLi, and 0.917 g (5 mmol) of anhydrous CdClIThe crude
product was recrystallized from a chloroforthexane (1:1) mixture.
Yield: 1.60 g (52%). Mp: 198200 °C. Anal. Calcd for
CoH24N0O,SeCd: C, 42.70; H, 3.88; N, 4.52. Found: C, 42.39; H,
4.21; N, 4.46.'"H NMR (300 MHz, CDC}; 6, ppm): 1.21 (s, br, 12H,
—CH), 4.08 (s, 4H,—CH,—), 7.05-7.15 (m, 4H, Ar H), 7.677.71
(m, 2H, Ar H), 7.99-8.03 (m, 2H, Ar H). 7’Se NMR (CDC}; 6, ppm):

(17) (a) Lindoy, L. F.; Busch, D. H.; Goedken, V. Chem. Soc., Chem.
Commun 1972 683. (b) Adatia, T.; Beynek, N.; Murphy, B. P.
Polyhedron 1995 14, 335. (c) Chotalia, R.; Constable, E. C;
Neuburger, M.; Smith, D. R.; Zehnder, M. Chem. Soc., Dalton
Trans 1996 4207.

(18) Perrin, D. D.; Armarego, W. L. F.; Perrin, D. Rurification of
Laboratory Chemicals2nd ed.; Pergamon: Oxford, U.K., 1980.
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Table 1. Crystal Data and Structure Refinement Detalls 613
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1 2 3
empirical formula 62H24N2025an C22H24N2023ch 022H24N2028QHg
fw 571.72 618.75 706.94
crystal system monoclinic orthorhombic monoclinic
space group P2, Pbca P2,/c
a(A) 9.3900(12) 12.777(8) 9.087(2)
b(A) 11.618(2) 17.841(10) 11.889(2)
c(A) 10.8822(14) 21.010(8) 22.456(4)
o (deg) 90 90 90
p (deg) 98.245(8) 90 98.780(13)
y (deg) 90 90 90
V (A3 1174.9(3) 4789(4) 2397.4(7)
z 2 8 4
Decaica (Mg/md) 1.616 1.716 1.959
temp (K) 293(2) 293(2) 293(2)
AR 0.710 73 0.710 69 0.71073
abs coeff (mm?) 4.162 3.971 9.475
no. of obsd reflnsi[> 20(1)] 3055 4185 5265
final R(F) [I > 20(1)]° 0.0444, 0.0682 0.0573
R.(F?) indices | > 20(1)]® 0.0839 0.1439 0.1321
absolute structure par@h —0.01(2)
data/restraints/params 3047/1/291 418266 5265+-/291
goodness of fit orfF? 1.01 111 1.02

2 Additional crystallographic details are given in the Supporting Informafid@efinitions: R(F) = ¥ ||Fo| — [Fc||/3 |Fol; Ru(F?) = {3 [W(Fo? —
FA 3 IW(FAT}H

—7.56 (s). 1C NMR (CDCk; 6, ppm): 28.07, 68.59, 78.53, 124.27, Scheme 1. Synthesis of M(ll) Complexés

128.08, 130.85, 131.52, 137.18, 139.48, 167.53. M8z 985 o) [0}

(C33H36N303SQCd2), 619 (W, szHzaNzOzSQCd), 429 (Q2H24N202- N j< S j<
N (i N
i

SO o8
-— Q
e -\V[—S N
\ eLi

Se), 366 (GH1:2NOSeCd), 254 (100%, H1:NOSe).
Synthesis of Hg[Se(OxY (3). Method A. Compound3 was
prepared by following the method described fousing 1.79 g (1.75
mL, 10 mmol) of 4,4-dimethyl-2-phenyloxazoline, 6.8 mL (11 mmol)
of 1.6 M solution ofn-BuLi, and 1.358 g (5 mmol) of anhydrous HgCl
The crude product was recrystallized from a chlorofetmexane (1:1)
mixture. Yield: 2.12 g (60%). Mp: 1406142°C. Anal. Calcd for
C2H24N20,SeHg: C, 37.37; H, 3.39; N, 3.96. Found: C, 37.43; H,
3.75; N, 3.96. 'H NMR(300 MHz, CDC}; 9, ppm): 1.17 (s, 12H,
—CHj), 3.99 (s, 4H,—CH,—), 7.13-7.26 (m, 4H, Ar H), 7.63-7.67
(m, 2H, Ar H), 7.91-7.94 (m, 2H, Ar H). 77Se NMR (CDC}; o, o
ppm): 115.6 (s).3C NMR (CDCk; 8, ppm): 28.21, 68.91, 78.80, (M =Zn
125.78, 130.28, 130.54, 130.71, 132.68, 138.24, 164.08. MS709 gngd
(M+, C22H24N2028QH9), 507 (Q2H24N2025Q), 429 (Q2H24NzOzSe), J
254 (100%, GH1.NOSe). a2 Reagents and___conditions: (YBuLi, hexane, rt, 1 h; (ii) Se powder,
Method B. To a stirred solution of 4,4-dimethyl-2-oxazolinylphenyl ~ €ther, 0°C, 2 h; (iii) anhydrous, MGl 0°C, 1 h, and rt, 18 h.
diselenidé (0.506 g, 1 mmol) in methanol (50 mL) was added an excess
of mercury (1 g, 5 mmol) at room temperature. The reaction mixture heavy-atom (using SHELXS 8% and Fourier methods and refined
was stirred for 2 days to give an almost colorless solution. This was by full-matrix least squares with the non-hydrogen atoms anisotropic
filtered through a Celite-padded filter frit to remove the unreacted and hydrogens having fixed isotropic thermal parameters of 007 A
mercury. The filtrate was concentrated to give a colorless crystalline using the SHELXL 93 prograr¥. The structured and3 were solved
product (0.64 g). This was recrystallized from a chlorofermethanol and refined using the SHELXTL prograth. The hydrogens were
mixture to give colorless crystals 8f(0.60 g, 85%). partially located from difference electron-density maps and the rest were
X-ray Crystallographic Studies. The diffraction measurements for ~ fixed at calculated positions. Scattering factors were from common
complexesl and3 were performed at room temperature (295 K) on a Sources? Some details of the data collection and refinement are given
Siemens R3m/V diffractometer using graphite-monochromated Mo K in Table 1.
radiation ¢ = 0.7170 A). An Enraf-Nonius CAD4 diffractometer was ) _
used for comple2. The unit cell was determined from 25 randomly ~ Results and Discussion
selected reflections using the automatic search index and least-squares
routine. Forl, the6 range for data collection was from 2.19 to 30.00
whereas for2 and 3 it ranged between 2.19 and 24°%nd between
2.27 and 27.59 respectively. The index ranges fbwere—13 < h
<0,—-16< k= 0,—15 =< | =< 15 while for2 and3 they were 0< h
<15,0=k=21,0=<1=<24and-11<h=<0,-15<k=<0,—-28
< | =< 29, respectively. The data were corrected for Lorentz, (19) Sheldrick, G. MCrystallographic Computing;30xford University
polarization, and absorption effects. The maximum and minimum Press: Oxford, U.K., 1985; p 175.
transmission values of the correction factors for compalidimen- (20) Sheldrick, G. M.SHELX 93 Program for Crystal Structure Deter-
sions 0.22x 0.68 x 0.58 mm) were 0.732 87 and 0.272 74 and3or minatiory University of Gottingen: Gottingen, Germany, 1993.

(0.35 % 0.6 x 0.5 mm) were 0.3460 and 0.0678, respectively. The ) g,@,es'?g'nckMid“,gﬁﬁbﬂggg'sm” 5.03; Siemens Analytical X-ray

data were monitored by measuring two standard reflections every 60 (22) International Tables for X-ray Crystallographiynoch Press: Bir-
min of X-ray exposure time. The structure @dwas solved by routine mingham, U.K., 1974; Vol. 4, pp 99, 149.

Monomeric selenolates. Synthesis of the selenolate com-
plexes was approached by the metathesis reaction of the lithium
areneselenolate with the corresponding Mi@lether (Scheme

1). The lithium areneselenolate, Ox%&e&", was easily prepared
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9 8 7 6 5

Figure 1. Room-temperaturéH NMR spectrum ofl (CDCl;, 300 MHz).

o~
w-
N

by the direct low-temperature metalation of 4,4-dimethyl-2- that they are stable in solution and are not involved in any
phenyloxazoline witm-BuLi in etherfollowed by the addition association process which leads to dimeric, trimeric, or poly-
of selenium powde?® However, the reaction of the lithium  meric products. To this end, we have studied in detailHhe
areneselenolate thus obtained with M@iled to give the 13C, and’’Se NMR spectra in CDGlo investigate the solution
desired complexes in pure form. Alternatively, the pure lithiated behavior of the complexes. The room-temperatiteNMR
compound, OxLi, was prepared by the direct metalation of the spectrum of compled contains a well-resolved AB doublet-
oxazoline withn-BuLi in hexaneat room temperature. This of-doublets for the methylene protons, indicative of an inequiva-
reaction afforded a white precipitate of the lithiated compound lence of the geminal protons in the molecule (Figure 1). The
whereas the side products remained in solution. The supernatanAB pattern implies that the strong coordination of the imine

solvent was removed with a syringe and fresheradded. The “hard” nitrogen with “hard” zinc(ll) removes the erstwhile

lithium selenolate was then obtained by the reaction of OxLi enantiotopic nature of the methylene protons. The protons

with elemental selenium ietherat 0 °C. become diastereotopic, resulting in chirality of the compféx.
The 2:1 molar reaction of OxSki* and MC} in diethyl The inequivalence of the methylene group protons and two

ether afforded the desired products in excellent yields. The methyl group protons even at 5&%C indicates a strong
mercury complex3) was also prepared by the reaction of the coordination of the nitrogen to the metal center and retention
diselenide (0xSe) with elemental mercury. Yields of the three  of the “helicity” even at higher temperatures.
compounds generally range from 45% to 85% after crystalliza- The room-temperaturtH NMR spectrum of2 consists of a
tion from a chloroform-hexane mixture. The yield of complex  singlet for the methylene protons and another singlet for the
3 was much better when the diselenide was used as the startingnethyl protons. However, the signal for the methyl protons is
material. broad, and this shows that the complex is probably not rigid at
Complex1, obtained as a yellow solid, shows some interest- room temperature. At60 °C, the methyl protons give rise to
ing features. The complex affords two types of crystals: plates two singlets and the methylene protons give an AB quartet
and needle-shaped crystals due to spontaneous crystallizatiofFigure 2.). This clearly indicates the existence of a helical
of the enantiomers (vide infra). The racemate of comglex arrangement of atoms around the metal center due to the
shows very good solubility in diethyl ether, but the solubility ~stereorigidity of the ligands at low temperature. When the
is reduced for the enantiomers in the same solvent. The solution is heated to 53C, the broad signal observed for the
complexes have excellent solubility in both nonpolar and slightly methyl protons at room temperature becomes a sharp singlet,
polar solvents. They are, however, almost insoluble in highly thus indicating an exchange between the helical and nonhelical
polar solvents such as DMSO and methanol. arrangements. The mercury selenol&®edijsplayed a straight-
NMR Spectroscopic Studies. The X-ray crystal structures ~ forward, unremarkabléH NMR spectrum. The signals for the
show unambiguously the formation of the monomeric seleno- Methylene and methyl protons are sharp singlets. Since the
lates in the solid state, but, if the complexes are to be consideredeXchange between helical and nonhelical arrangements is very

as true examples of monomers, it remains essential to showfast, the splitting of the signals due to chirality could not be
detected even at-60 °C. At this temperature, only slight

(23) Christiaens, L.; Luxen, A.; Evers, M.; Thibaut, Ph.; Mbuyi, M.; Welter, broadening of _the signals was observed. The same behavior is
A. Chem. Scrl1984 24, 178. also reflected in thé3C NMR spectra.
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L__ oc

J --20°C

l ___40°c

L ;J o _uge S\ B0 40 ppmMJLso'c
I 3 2 1 ppm 4 3 2 i ppm

Figure 2. Variable-temperaturéH NMR (CDCl;, 300 MHz) spectra (in part only) d. At —60 °C, the signals due to the CH,— and —CHs;

protons split into an AB quartet and two singlets, respectively.

To confirm the monomeric structure in solution, we have
recorded’’Se NMR spectra for all the complexes dSe is a
very sensitive NMR nucleus and it is easily influenced by its
chemical environment. Th&€Se chemical shifts for the com-
plexes are in the rang® —7.56 to 115.6 ppm. The chemical
shifts for all the complexes are shifted upfield compared with
that of the diselenide (454.79 ppm). The significant upfield
shift of the ’’Se resonances of complexes3 is due to filled
d orbitals (d° which cannot accept electron density from the
OxSe ligand24 25 Interestingly, the’’Se resonance of the
Cd(ll) complex 7.56 ppm) is shifted upfield more than its

first- or third-row metal counterparts (31.19 and 14.65 ppm for

Zn(ll) and 115.6 ppm for Hg(ll) complex). This is due to a

better overlap of the orbitals of Se (where 5s and 4d are

unoccupied orbitals) and cadmium (where 5s and 4d orbitals Figure 3. Crystal structure of the monomeric Zn(ll) comple).(

are being filled?®> For complexi, two signals appear at 31.19
and 14.65 ppm relative to M8e and indicate nonequivalence
of the two selenium atoms present in the complex.

(SeOx}™, m'z985. The mass spectrum of compouhishows

The no peak higher than the expected molecular mass, which is in

difference in the selenium nuclei is mainly due to the spatial agreement with the crystal structure. The primary organic

arrangement of the two selenium atdfrasround the metal ion.
For the Cd and Hg complexes, the signals which appea? &6

product Ox-Se-Ox was observed in all the complexes and
indicates the formation of MSe under mass spectroscopic con-

and 115.6 ppm, respectively, are indicative of the equivalence ditions. The molecular ion peaks and the peaks due to other

of the selenium nuclei and hence nonhelical environment.

fragments containing Se and M exhibit the expected isotope

From the above observations it is clear that all the complexes patterns.

are monomeric in solution, which is consistent with the solid

Molecular Structure of Compound 1. Complex1 crystal-

state structures. There is no indication of the ligand associa-lizes in a chiral space group2;. Crystals of compound
tion which is generally observed for the metal selenolates in belong to the monoclinic system. Figure 3 depicts an ORTEP

solution?’

Mass Spectroscopic StudiesSurprisingly the mass spectra
of compoundsl and?2 are indicative of the presence of both
monomeric and dimeric species in the gas pHasén(SeOx}t,
m/z572; Zny(SeOx}", m'z890. 2: Cd(SeOx)™, mz619; Cad-

(24) ) Barrie, J. P.; Clark, R. J. H.; Withnall, R.; Chung, D.-Y.; Kim, K.-
W.; Kanatzidis, M. G.lnorg. Chem 1994 33, 1212.

(25) Ansari, M. A.; Mahler, C. H.; Chorghade, G. S.; Lu, Y.-J.; Ibers, J.
A. Inorg. Chem 199Q 29, 3832.

(26) Airola, K.; Bartram, S.; Rissanen, K. Chem. Soc., Perkin Trans
1995 895.

(27) Bochmann, M.; Webb, K. J. Chem. Soc., Dalton Trank991, 2325.

view of the molecule. Although tetrahedral complexes with
AB type chelate ligands are expected to be chiral, to our
knowledge, no optically pure chiral tetrahedral zinc complexes
have been reported so far (generally they crystallize as race-
mates). It is worth noting that helically chiral zinc complexes
with multidentate ligands have been the center of attention in
the recent past!” and complexl is the first example of a
helically chiral zinc complex derived from a bidentate selenolate
ligand. Refinement of the Flack enantiopole paraniétied

(28) Johnson, C. KORTEPIt Report ORNL-5138; Oak Ridge National
Laboratory: Oak Ridge, TN, 1976.
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Figure 5. Crystal structure of the monomeric Hg(ll) comple).(

Table 3. Significant Bond Lengths (A) and Angles (deg) @r

Cd(1)-N(1) 2.276(9) Cd(1yN(2) 2.278(9)
Cd(1)-Se(1) 2.549(2) cd(bSe(2) 2.552(2)
Figure 4. Crystal structure of the monomeric Cd(ll) comple®).( Se(2-C(11) 1.945(11) Se(H)C(22) 1.935(12)
O(1)-C(5) 1.358(13) O(LrC(4) 1.447(14)
Table 2. Significant Bond Lengths (A) and Angles (deg) for O(2)—-C(16) 1.361(14) O(2yC(15) 1.427(14)
~ N(1)—C(5) 1.270(14) N(L)}C(3) 1.507(14)
ThSey  samshz)  gmsol)  ssmaausy  N@-CUe) 126814  NGCQH)  1500(13)
Se(1)-C(11) 1.905(7) Se(2)C(21) 1.875(9) N(1)-Cd(1)-N(2)  105.0(3) N(2}-Cd(1)-Se(2) 118.0(2)
O(1)-C(17) 1.362(8) O(1yC(18) 1.420(10) N(1)—-Cd(1>-Se(1) 117.8(2) N(JCd(1>-Se(1)  89.8(2)
O(2)-C(27) 1.354(10) O(2yC(28) 1.425(13) N(1)-Cd(1)-Se(2)  89.1(2) Se(BCd(1)}-Se(2) 135.75(6)
N(1)—-C(17) 1.302(9) N(1)C(19) 1.472(10) C(221-Se(1}-Cd(1) 97.7(3) C@BSe(2)-Cd(1) 94.7(3)
N(2)—C(27) 1.290(11) N(2)C(29) 1.481(12) C(5)~0(1)-C(4) 105.8(9) C(16Y0O(2)-C(15) 107.2(10)
C(5)-N(1)-C(3 108.9(9) C(16)N(2)-C(14) 108.5(9
Hﬁgiéﬂigé?z) 11%%.61((22)) '}'\I((g%ﬂ:gg% 13;:1% cﬁsg—NEﬁ—cé()l) 122.928)) CE3§\1(£)1Cd((1) ) 126.6%7;
N(1)—Zn—Se(1) 96.7(2) Se(2)Zn—se(l) 113.49(5) C(16)-N(2)-Cd(1) 124.1(8) C(14N(2)-Cd(l) 126.4(7)

C(11-Se(1}-Zn  100.1(2) C(213Se(2r-zZn  102.6(3)

CA7-0(1)-C(18) 106.2(6) C(AOR)-C(28) 107.2(7) Table 4. Significant Bond Lengths (A) and Angles (deg) f&r

C(17)-N(1)-C(19) 109.0(6) C(1ZN(1)-zn 124.6(5) Hg—N(2) 2.469(9) Hg-N(1) 2.515(8)
C(19-N(1)-2zn 126.3(5) C(27FN(2)-C(29) 109.4(7) Hg—Se(1) 2.479(2) HgSe(2) 2.4764(14)
C(27)-N(2)-2n 127.0(6) C(29FN(2)-Zn 123.5(6) Se(1-C(1A)  1.920(12)  Se(3C(1B)  1.906(14)

O(1)-C(7A) 1.351(11)  O(1}C(8A) 1.434(13)
0(2)-C(7B) 1.353(13)  O(2)C(8B) 1.45(2)

to a value of~0, thus confirming the enantiomeric purity of N(L)—C(7A) 1249(12) N(13-C(9A) 1.484(12)

the crystal. o _ _ N(2)-C(7B)  1.25(2) N(2)C(9B)  1.494(14)
The complex is monomeric with the zinc atom coordinated N(2)—Hg-Se(2) 862(2) N(2YHg—Se(l) 116.002)
i i i i —Hg—Se . g—oe .
to two nitrogen and to two selenium atoms, forming a distorted Se(2)-Hg-Se(1) 147.66(5) N(2yHg—N(D) 98.1(3)

tetrahedron. Significant bond lengths and angles are given in Se(2)-Hg— I
. : g—N(1) 115.2(2) ~ Se(HHg—N(1) 86.1(2)
Table 2. The average ZSe bond distance 2.378(1) A is C(1A)—Se(1)y-Hg 102.6(3)  C(1B}Se(2)-Hg 103.3(3)

comparable to those reported for [Zn(SEEBUs-2,4,6)- C(7TA)-O(1)-C(8A) 106.3(8) C(7B}O(2)-C(8B) 106.0(9)
(OSGHg)]®° [2.313(3) A] and [Zn(Se€H:Buts-2,4,6H(CN- C(7A)-N(1)-C(9A) 110.0(8) C(7A¥N(1)—Hg 123.7(7)
BuY),]3! [2.380(3) A]. The average ZaN bond distance C(9A)~N(1)—Hg 123.1(6)  C(7By}N(2)—C(9B) 107.0(9)
2.048(6) A is comparable to that observed for {Bui,P(Se)- C(7B)~N(2)~Hg 126.0(7)  C(9ByN(2)—Hg 124.5(8)

NPr}] [1.981(3) AP2 and also those reported for zinc and

typical N-donor ligands which normally range from 2.04 to 2.14 ~ Molecular Structure of Compound 2. The colorless

A. The average SeZn—N chelate bite angle is 97.0€2and crystals of the Cd(!l) compleR belong to the space grolfbca

this is considerably larger than that reported for {Bo',P- of the orthorhombic system. A PLUTOplot of the structure
(Se)NPR ] [81.37(9F].22 The larger bite angle leads to IS Shown in Figure 4, and significant bond lengths and angles
relatively smaller SeZn—Se and N-Zn—N angles of 113.49-  are given in Table 3. The geometry around the metal center is
(5) and 106.6(2) respectively. The corresponding values for distorted tetrahedral. The average-3e bond length 2.550-
[Zn{Bu,P(Se)NP} ] are 120.00(3) and 136.16(3)respec-  (2) A lies intermediate between terminal €8e [2.483(3) A]
tively. The interplanar angle between-S&n—Se and N-Zn—N and bridging CetSe [2.599(4) A] values reported in the

is 72.1(3). literature3* The average CeN bond distance 2.277(9) A is,
however, significantly shorter than that reported for Cd-
(29) Flack, H.Acta Crystallogr., Sect. A983 39, 876. (SeNGH,), [2.425(2) A]% The Se-Cd—N chelate ring bite

(30) Bochmann, M.; Bwembya, G. C.; Grinter, R.; Powell, A. K.; Webb, angle is 89.4(2) The Se-Cd—Se and N-Cd—N angles are
K. J.; Hursthouse, M. B.; Malik, K. M. A.; Mazid, M. Ainorg. Chem
1994 33, 2290.

(31) Bochmann, M.; Bwembya, G. C.; Powell, A. Rolyhedron1993 (33) Motherwell, W. D. S.; Clegg, WPLUTO 78 Cambridge University
12, 2929. Press: Cambridge, England, 1978.

(32) Bochmann, M.; Bwembya, G. C.; Hursthouse, M. B.; Coles, 8. J. (34) Bochmann, M.; Webb, K. J.; Hursthouse, M. B.; Mazid, MChem.
Chem. Soc., Dalton Tran4995 2813. Soc., Dalton Trans1991, 2317.
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Table 5
space selected bond length (A) chelate ring bite angle interplanar angle
complex group M—Sd] M-—NO [Be-CO [Be-M—N[(deg) Se-M—Se/N-M~—N (deg)
1 P2 2.378(1) 2.048(6) 1.890(8) 97.0(2) 72.1(3)
2 Pbca 2.550(2) 2.277(9) 1.940(11) 89.4(2) 71.0(3)
3 P2,/c 2.478(1) 2.492(8) 1.913(13) 86.2(2) 69.9(3)

135.7(5) and 105.0(8) respectively. The interplanar angle
between SeCd—Se and N-Cd—N is 71.0(3J.

Molecular Structure of Compound 3. The mercury com-
plex 3 crystallizes in the monoclinic system of space greggp'c
with two molecules per unit cell. An ORTEP view &fis

A] in complex 1 is significantly shorter than the O@(18)
bond distance [1.420(10) A], while the same is true for the
N(1)—C(17) distance [1.302(9) A] with respect to the Nf1)
C(19) bond distance [1.472(10) A]. This indicates a similar
double-bond character in both OAE(17) and N(1)}-C(17).

shown in Figure 5, and significant bond lengths and angles are Complexes2 and 3 show similar properties.

given in Table 4. The average H&e bond length 2.478(1) A

is normal and close to the previously reported vaR¥e3he
Hg—N bond length of 2.492(8) A is, however, considerably
shorter than those reported in the literature for the related
structures of Hg(SeNgEl,)2 [2.984(1) AF2and Hg(Se@H4CH,-
NMex-2), [2.648(20) A]® The chelate bite angle is slightly less
[86.2(2F] in the present case as compared with that in the Hg-
(SeGH4CH:NMez-2), complex [90.1(4)). The Se-Hg—Se
angle [147.6(3)] is considerably lower than that observed for
Hg(SeGH4,CHoNMe,-2), [159.6(3F], whereas the NHg—N
angle [98.1(4)] is comparable to that of the latter case [98.7-
(6)°]. The interplanar angle is found to be 69.9(3}he
corresponding average value in the Hg(ge5CHNMe,-2),
complex is 89.5(10)

It is worth comparing the salient structural features of the
series (Table 5): (i) The chelate bite angle decreases as th
size of the metal ion increases from Zn to Hg. (ii) The
interplanar angles between the-94—Se and N-M—N planes
also decrease down the group, indicating a relatively large
distortion from the tetrahedral geometry. (iii) As expected, the
M—N bond distances increase in going from Zn to Hg due to
“hard”—"soft” interactions, whereas, for the Se distances,
Hg—Se is shorter than CeSe and close to ZnSe, indicating
a stronger “soft=“soft” interaction between Hg and Se. (iv)

€

Conclusion

The intramolecularly coordinating 2-(4,4-dimethyloxazolino)-
benzeneselenolate ligand facilitates the isolation of a series of
monomeric four-coordinate group 12 selenolate complexes,
including the rare example of a “helically” chiral zinc complex.

In contrast to the polymeric selenolates generally obtained for
group 12 metals, these complexes are monomeric and the degree
of association is controlled by the internal chelation of the
oxazoline ligand. The formation of the six-membered chelate
ring in each case seems to be an important factor in deciding
the molecular nature of these compounds. In addition, the
bidentate selenolate ligand can be used to prepare helically chiral
metal complexes. The monomeric complexes studied here do
not undergo association in polar solvents. The incorporation
of the oxazoline ring with potentially diastereotopic protons not
only allows the use ofH NMR to determine the presence of
helicity in the complexes but also improves the solubility of
the complexes in hydrocarbon solvents.
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